Background: Following the ban on the use of growth factors, the use of zeolite in poultry feed could be a solution to obtain healthier food products that are more demanded by the consumer.
Background
Nowadays, the consumption of poultry products will be constantly increasing due to the expected evolution of the world population. For this reason, industries seek to improve production to cover this high consumption. Since the interdiction of the using of antibiotic in commercial poultry production, the use of essential oils and fed additives can improve the intake of compound foods [1] [2] [3] [4] [5] [6] . Zeolites was used in wide range of agricultural applications and particularly in animal nutrition [7] .
Clinoptilolite is a natural zeolite with a particular three-dimensional structure that endows it with specific physicochemical properties that include ion-exchange capacity, absorbency, size-exclusion framework, as well as catalytic properties [8, 9] . Activated and micronized zeolites are detoxifying agents because of their selective binding of heavy metals, O2, and ROS. Various studies have shown that these hydrated aluminosilicates have no toxic effects in either humans or animals [10] [11] [12] . Activated and micronized zeolites are used as detoxifying agents in humans. Detoxification is attributed to their ability to reduce lipid peroxidation by scavenging free radicals [13] .
Mumpton & Fishman was reported that zeolites have the ability to lose or gain water reversibly and to exchange certain constituent atoms without major change of atomic structure [14] . In this context, Onogi revealed that zeolite should be used to economize on the feed and reduce the moisture content of chicken dropping [15] . Muzaffer et al. suggested that zeolites improves feed efficiency, weight gain of fatting and egg production in laying hens [16] . Moreover, Wu-Haan et al. revealed that zeolites is a beneficial feed additive that exhibits a strong preference for binding nitrogenous cations like NH4 + and NH3 emission [17] . In this context, this substance was recommended to absorb various mycotoxins [13, 18] to reduce ammonia production by pullets [17] and to remove ammonium from aqueous solutions [19] , since the high atmospheric ammonia in poultry facilities might damage the respiratory tract lining, or even increased ascites and lower performance [20] .
In poultry, transport conditions can influence the quality of the meat stress [21] also; the environmental or behavioral can affect reactive oxygen species (ROS). When the generation of these ROS in a system exceeds the ability of the system to neutralize and eliminate them so oxidative stress develops. Malondialdehyde (MDA) is examples of molecules that can be modified by excessive ROS in vivo and could be used as important and significant biomarkers of oxidative stress [22] .
The objective of this study is so to examine the influence of natural zeolites, givens as supplement to feed turkey poults on growth performance, meat texture, oxidative stress and the fatty acid composition.
Materials and methods

Turkey management
A total number of 96 forty two-day-old turkey (BUTENA) were selected and divided randomly into three groups housed: control group and two experimental groups (1% zeolite and 2% zeolite), each consisting of 32 turkeys (16 males and 16 females).
Indeed, Feed and water was provided as ad libitum. The experiment was finished when the turkey reached the age of 90 days for females and 110 days for males.
Turkeys received the complete feed mixture BD (0%Z) from the start of the experiment until one week (an adaptation sub-period), followed by the feed mixture BD (0%Z), BD (1%Z) and BD (2%Z) from second week to the end of the experience. All feed mixtures contained the same components; the only difference was that the mixtures designed for the experimental groups (1% zeolite and 2% zeolite) were supplemented with 1 and 2% of natural clinoptilolite (commercial additive ZeoFeed from the company "ROTAMIN", Turkey).
The basal diet or control diet was a commercial feed that contained yellow corn, soybean meal, calcium carbonate and a mineral-vitamin mixture (Table 1) . The turkeys were housed in there compartments with ambient temperature of about 20°C. Water was provided ad libitum intake throughout the trial period.
Data collection
All the turkeys were weighted individually weekly at the same time of day and at the same order of groups to determine the weight gain changes and average daily gain. In addition, feed consumption was measured weekly to estimate the feed conversion ratio.
Intramuscular ash and fatty acid composition
At the end of the experiment, the turkeys were slaughtered (n = 96). Thighs turkey from each groups (10/32, 5 male and 5 female) were selected and harvested at random. The muscular part was used to determine the composition of fatty acids (FA).
In preparation, samples from the 5 male and 5 female from each group were cut from all external fats and were ground by an ultra turrax homogenizer. The total lipids for the analysis of the fatty acids were extracted from alipotent samples of 1 g of the thigh according to Folch et al. [23, 24] . Fatty acid methyl esters (FAME) were prepared, and measured by gas chromatography of FAME in a Chrompack CP 900 apparatus fitted with a flame ionization detector [25] . The results were expressed as a percentage of individual fatty acids in the lipid fraction as described by Pordomingo et al. [20] . [26] . Five male and five female samples from each groups (10/32) cleared of fat and cut into a net kept at 4°C for 24 h were used for determination of the color of meat by a colorimeter.
A section of the pectoralis muscle from five male and five female samples from each groups (10/32) was collected and weighed subsequently. The pectoralis muscle were put in a tightly sealed plastic bag and cooked in water bath at 80°C for 10 min and the sample were reweighed and drip loss was calculated.
pH value of five male and five female samples from each groups (10/32) was measured after 24 h hours using a solid pH-meter.
Biochemical assays Measurement of lipid peroxidation levels in meat and liver
Liver and meat homogenate was prepared from each groups (10/32, 5 male and 5 female) to test the enzymatic activity of glutathione peroxidase (GPX), total superoxide dismutase (SOD), catalase (CAT) and content of malondialdehyde (MDA).
Malondialdehyde
Lipid peroxidation (LPO) levels in the meat and the liver tissue from five male and five female samples from each groups (10/32) were measured with thiobarbituric acid (TBA) reaction [27] . This method was used to obtain a spectrophotometric measurement of the color produced during the reaction to TBA with malondialdehyde (MDA) at 535 nm.
According to Ben Slima et al. 0.25 ml of sample homogenate was mixed with 0.5 ml of loroacetic acid solution (TCA) and centrifuged at 2500 g for 10 min.0.5 ml of a solution containing 0.67% thiobarbituric acid (TBA) and 0.5 ml of supernatant were incubated for 10 min at 100°C and cooled. Absorbance of TBA-MDA complex was measured at 532 nm. Lipid peroxidation is expressed as nmoles MDA/g tissue [28] .
Determination of meat and liver enzymatic antioxidants
The meat and the liver tissue superoxide dismutase (SOD) activities were determined from five male and five female samples from each groups (10/32) by the method of Beauchamp and Fridovich [29] . The reaction mixture contained 50 mM of tissue homogenates in potassium phosphate buffer (pH = 7.4), 0.1 mM methionine, 2 μM riboflavine and 75 μM Nitro Bleu Tetrazoluim (NBT).
The developed blue color reaction was measured at 560 nm. Units of SOD activity were expressed as the amount of enzyme required to inhibit the reduction of NBT by 50% and the activity was expressed as U/ mg protein.
Catalase activities were determined in the meat and the liver homogenates, as described by Aebi [30] by the decomposition of hydrogen peroxide and converts it to water and molecular oxygen.
Protein determination in meat and liver
According to Lowry et al. the total protein concentration of supernatant was determined using bovine serum albumin BSA as a standard [31] .
Statistical evaluation
Data analysis was undertaken using SPSS for Windows 20.0 statistical software (SPSS Inc., Chicago, IL, USA).
All results are presented as the mean ± standard deviation (± SD). Means ± S.D. were calculated for normalizing the control as 100%. Differences among treatment and control groups were tested by one way analysis of variance (ANOVA), followed by pair-wise comparisons between group using Student test. P-value < 0.05 was considered statistically significant. Differences at p < 0.05 were considered significant.
Results and discussion
Measurements of Turkey performance indicators
The effect of zeolite incorporation in the turkey diet on weight gain, on average daily gain and on feed conversion ratio are shown in the Table 2a for female turkey  and Table 2b for male turkey. With zeolite, turkey in the experimental group was positively reflected in performance indicators. The results reveal that the average daily gain had increase significantly (p = 0.000) both for male and female turkey poults with zeolite. In addition, for male turkey, weight gain in the 2% zeolite group compared to control group was improved significantly (9.36 kg vs. 9.80 kg, p = 0.030). Nevertheless, with 1% zeolite there was no significantly different (p > 0. 05) for weight gain. Even though, the weight gain tended to be improved for female turkey when zeolite was supplemented to the diets but no significantly different (p > 0. 05). In contrary, the differences were not significant (p > 0. 05) for the feed conversion ratio for male and female. Feed intake was significantly increase by zeolite withe 1% or 2%, even for male and female, so the diet consumed by these two groups was significantly more than that of the control groups (Table 2a, b) .
In this study and according to Shariatmadari et al., the zeolite has a positive effect on growth performance of broiler [32] . These results are consistent with those of Eleroglu et al. and Karamanlis et al. in which it indicate that zeolite added to broiler feed increased body weight and growth rate performance [33, 34] . According to Mallek et al., the average growth of broilers were significantly (p < 0.05) different between different groups; broilers that were fed on the 'zeolite diet' were growing to a faster rate (p < 0.05) compared with those of the control group [35] . However, suchy et al. indicate that zeolite increased the feed conversion ratio [36] which not agree with the studies of Jand et al. and Ortatatli et al. [37, 38] . This positive effect of zeolite reported by suchy et al. can be explained by the ability of zeolite to reduce the toxic effects of materials such as aflatoxins [5, 6, 36] .
According to Mallek et al., the average growth of broilers were significantly (p < 0.05) different between different groups; broilers that were fed on the 'zeolite diet' were growing to a faster rate (p < 0.05) compared with those of the control group [35] . In addition, with 1% zeolite broilers were significantly heavier from those fed the basal diet at the age of 45 days [37] .
Intramuscular fatty acid composition
In the present experiment, addition of the zeolite has not significantly (p > 0. 05) affect on the centration of saturated and poly-unsaturated fatty acids in intramuscular fat (Table 3) . However, an increase of the oleic acid (C 18:1) was observed (p = 0.005) between control group and 1% Zeolite group (Table 4) . However, a decreased of the percentage of palmitoleic acid C: 16:1 (p > 0. 05) was observed without reaching the significance rate. These results may be due of a reduction in Δ9 desaturase activity. This hypothesis could be confirmed by the demonstration of the decrease of mRNA expression level of the Δ9 desaturase gene using quantitative-qPCR. Juárez et al. have reported similar results. There is also a significant decrease in the percentage of the Lignoceric acid (C24:0) (p = 0.034) [39] . Mallek et al. was reported BD basal diet, Pa-value P-value ANOVA, Ps-value P-value t-test student *: to mention a significance difference between the mean/SD values and **: highly significant difference similar result about the effects of zeolite on two monounsaturated fatty acids (MUFA) [35] . Zeolite was increased the percentage of 18:1 oleic acid and however decreased 16:1 palmitoleic acid percentage, likely because of a reduction in Δ9 desaturase activity. In addition zeolite reduced the level of total saturated fatty acids (SFA) in intramuscular fat but without reaching the significance rate (p > 0.05). This decrease was attributed to the reduction in 16:0 palmitic acid and in 18:0 stearic acid levels. The increase of the level of poly-unsaturated fatty acid could be the direct result of the decrease level of SFA.
It is important to note that PUFAs (Linoleic Acid) have displayed protection against lipid peroxidation increasing the levels of several cellular antioxidants [40] .
Effect of zeolite addition on textural parameters of thigh muscle
The evolution of textural parameters of the thigh muscle as a function of the level of zeolite added is shown in fig. 1 for female meat and fig. 2 for male meat. The addition of 2% of zeolite was shown that chewiness increases significantly (p = 0.004 for female and p = 0.024 for male) compared to control group. In addition, elasticity was also increases significantly with 2% of zeolite, from 5.83 to 6.99 for female meat (p = 0.034) and from 5.88 to 6.75 for male meat (p = 0.022). In contrast, hardness was also increased but without reach significance. Such an evolution of textural parameters can be explained by the change in the water holding capacity. When zeolite was added, a reduction in the compactness of protein gel network allows more binding of water and makes meat tender.
The influence of the presence of natural zeolite on the gelling process of the protein may be the reason of these changes in texture. According to Mallek et al. (2012) , zeolite-muscle proteins interaction leads to a change in texture and microstructure of the formulated thigh [35] .
Effect of zeolite addition on meat color, drip loss and pH 24 h
The effect of zeolite on drip loss, pH 24 h, and CIELab color of turkey breast meat booth for female and male is shown in Table 5 (a, b) . The supplement of 2% of zeolite significantly increased the pH 24 h (p < 0.05) compared to control group only for the breast meat of male (5.80 ± 0.08 vs. 5.94 ± 0.08). However, there were no significant differences (p > 0.05) for drip loss, lightness L*, redness a* value and yellowness b* value among the three groups.
An increase in pH indicated that the zeolite could maintain the quality of longer period. In the literature, the variation of food additives, animal management and slaughter environment could result in different pH values of the meat. Dietary supplementation with citrus pulp (10%) appeared to decrease the ultimate pH of broiler meat [3] . On the other hand, Jang et al. [4] have reported that supplementation with a mixture of dietary herb extracts (mulberry leaf, Japanese honeysuckle and goldthread) increased the pH values of broiler meat directly after slaughter [4] . However, feeding a diet supplemented with oregano (3%) (Young et al.) , grape seed extract (2500 ppm), green tea extract (2500 ppm) (Rababah et al.) , or a cranberry extract at concentrations between 40 and 160 mg kg − 1 feed (Leunisk et al.) did not affect the pH values of broiler meat [41] [42] [43] .
Effect of zeolite addition on oxidative stress
Activated and micronized zeolites are used as detoxifying agents in humans. Detoxification is attributed to their ability to reduce lipid peroxidation by scavenging free radicals [13] . In the present study, the effect of supplemental zeolite on antioxidant status of turkey are shown in Table 6a and Table 6b .
As they eliminate superoxide, hydrogen peroxide and hydroxyl radicals, antioxidant enzymes (SOD, GPX and catalase) play an important role in defense mechanisms against free radicals [44] . Malondialdehyde (MDA), used as the best existing measure of universal ROS, is an aldehyde produced fromlipid peroxidation, which is estimated based on its reaction with thiobarbituric acid [43] . In the present study, the addition of 2% of zeolite for experimental group significantly, (p < 0. 05) decrease the MDA level for female liver (1. 17 vs. 1. 00), male liver (1. 05 vs.0. 90), female meat (0.62 vs. 0.48) and male meat (0. 47 vs.0. 35) compared with the control group. In contrast, SOD and GPX are increase for meat and liver but the differences were not significant (p > 0.05). Moreover, dietary zeolite supplementation has an effect on CAT level (decrease from 0.341 for control group to 0.246 for experimental groups (2% zeolite)) only for male meat. The antioxidant capacity of turkey poult could be improved by supplemental zeolite. The results proved that supplementation of zeolite at all treatment concentration did not increase the activities of SOD and GPX but decrease the MDA content in meat and liver under normal condition.
There are growing evidences supporting that oxidative stress and free radical injury are the causative agents during the pathophysiological processes of alcoholic liver disease (ALD) related to excessive alcohol consumption [45, 46] . However, in our experimental model, supplemental zeolite led to a non-significant increase in liver and meat SOD activity. Some studies have shown increases SOD activity after zeolite administration [47] , while others have shown decrease [48] . On the other hand, zeolite administration (5 mg/kg) orally for 10 days, in rats with partial hepatectomy decreased oxidant activity through elevation of liver tissue copper-zinc SOD activity and glutathione (GSH) levels and reduction of plasma and liver tissue MDA levels [49] . It has been reported that mice exposed to zeolite at the time of initial plaque accumulation had a significant increase in SOD activity in their hippocampi compared with age-matched control mice [50] . According to Zarcovic et al. and Basha et al. [51, 52] , the supplementation of zeolite reduce lipid peroxidation levels and recovered the levels of catalase, SOD and GPX activity during pb2 + toxicity.
Recently, Hossein Nia et al. [53] have reported that zeolite (CLN) and nanoparticle of zeolite (NCLN) administration for STZ-induced diabetic rats compared with the healthy animals has no significant difference in the activity of SOD and GPX. In against part, CLN reduced MDA levels more than NCLN in the normal group (p < 0.05).
Zeolite was used in our study for the following reasons: zeolite is capable of adsorbing many different types of gas, moisture, petrochemicals, heavy metals and radioactive elements and a multitude of various compounds; it has a total cation-exchange capacity of about 200 mEq. The exchange capacity plays an important role in the therapeutic use of zeolite, accounting for its ability to release useful elements while capturing and binding others [54, 55] .
The exact mechanisms of zeolites 'antioxidant effects are not well known. In effect, zeolite is not absorbed into the blood from the gut. The effects of zeolite may be due to an indirect interaction with biochemical systems, removal of waste and toxins from the gut, improvement of the immune system through the mucosal-related intestinal lymphoid tissue, and an increase in the bioavailability of minerals that are important co-factors for some enzymes [56] [57] [58] .
Conclusion
The results of this study showed that the use of zeolite at a dose of 2% as feed additive had a beneficial effect on turkey's growth, breast meat antioxidative capacity and led to the improvement of their meat quality. The present experiment shows also the significance of using zeolite, as a feed additive for turkeys, as part of a comprehensive program to increase level of polyunsaturated fatty acids on the turkey body. Hence, it is concluded that the use of alternative management strategies can include natural zeolites, however, other factors such as the type of the natural zeolite or its inclusion ratio, need further investigation.
